Purpose Shoulder arthroplasty is one of the options for the treatment of complex proximal humeral fractures. The purpose of this study was to assess the clinical and radiographic results of the trabecular metal shoulder prosthesis in the treatment of complex proximal humeral fractures. Methods Fifty-one consecutive patients with complex proximal humeral fractures who underwent primary shoulder arthroplasties with the trabecular metal™ prosthesis were enrolled in this study. At the final follow-up appointment, 42 of the patients (82.4 % of the total patients enrolled) were available for both clinical and radiographic evaluation. There were 28 women and 14 men with a mean age of 65.4±10.7 years. The dominant arm was involved in 30 of the cases. According to Neer's classification, there were seven three-part fractures, 27 four-part fractures and eight head-splitting fractures. Additionally, there were 37 hemiarthroplasties and five total shoulder arthroplasties.
Introduction
Proximal humeral fractures are common injuries that account for 4-8 % of all fractures. Of these fractures, 80-85 % are nondisplaced or minimally displaced and thus can be successfully treated conservatively. Displaced fractures should be managed surgically to obtain satisfying results [1] ; however, the optimal treatment choice for complex proximal humeral fractures remains controversial. Shoulder arthroplasty is a treatment option for many types of fractures, including comminuted three-and four-part fractures, anatomical neck fractures and head-splitting fractures that occur in the elderly population [2, 3] . Trabecular metal (TM) prostheses have been widely applied in arthroplastic surgeries and have the advantage of facilitating bone ingrowth by the tantalum porous layers around the components. Reports concerning the treatment of proximal humeral fractures with TM prostheses, however, are rare. The purpose of this study was to evaluate the clinical and radiographic results of primary shoulder arthroplasties for the treatment of complex proximal humeral fractures with the TM prosthesis.
Materials and methods
A consecutive series of patients was selected for this study on the basis of the following inclusion criteria: (1) patients with complex proximal humeral fractures who underwent primary shoulder arthroplasty with a TM prosthesis, (2) fresh injuries (less than three weeks from injury to surgery) and (3) patients with a minimum follow-up of two years. The exclusion criteria were (1) patients with a history of previous operations on the affected shoulder; (2) delayed fractures, including malunion or nonunion fractures; (3) open fractures and (4) concomitant neurovascular injuries.
Between September 2008 and February 2011, 51 consecutive patients who met the inclusion criteria and were treated by primary shoulder arthroplasty with tantalum TM prostheses (Zimmer, Warsaw, IN, USA) and included in this study.
Surgical techniques
All the operations were performed by a senior surgeon (C.Y.J.) who used the Zimmer TM Humeral Stem (Zimmer, Warsaw, IN, USA). A deltopectoral approach was used. The cephalic vein was preserved and retracted either laterally or medially. Sutures were placed through the bone-tendon junction of the greater and lesser tuberosity fragments for subsequent reduction. For patients with fracture-dislocations, great care was taken when moving the humeral head from a dislocated position to avoid neurovascular injury. The retroversion angle was set to 15-20°. All stems were cemented distal to the proximal TM part. The glenoid was checked intraoperatively, and any signs of degenerative changes necessitated a total shoulder arthroplasty. The cancellous bone graft harvested from the humeral head was placed between the diaphysis and the tuberosity fragments to facilitate a bony union. The tuberosity fragments were then attached to the TM part of the stem by a heavy preset (no. 5), and non-absorbable sutures were then used in a cerclage fashion. A titanium cable (Cable-Ready, Zimmer, Warsaw, IN, USA) was placed around the tuberosity fragments in the same cerclage fashion and was subsequently secured for stable fixation between the tuberosity fragments and the TM parts. Biceps tenodesis was carried out in all cases.
Post-operative management
The arm was placed in a neutral brace, which allowed for slight external rotation, for six weeks after surgery. Passive exercises of the hand, wrist and elbow began on the first postoperative day, depending on the patient's tolerance. Passive range of motion exercises of the shoulder were started three weeks after the surgery. The immobilisation brace was removed six weeks after the surgery, and active range of motion exercises were commenced following confirmation that the initial healing of the tuberosities had occurred, by assessment of post-operative radiographs. Resisted exercises were not allowed until three months following the surgery.
Clinical evaluation
The patients were asked for a follow-up interview at three weeks, six weeks, three months, six months and every full year after the operation until the last follow-up. The ranges of motion, the American Shoulder and Elbow Surgeons (ASES) score, the University of California, Los Angeles (UCLA) score and the visual analogue scale (VAS) score for pain assessment were calculated for the clinical evaluation of the shoulder at the final follow-up.
Radiographic evaluation
The post-operative radiographs were obtained immediately after surgery with the patients' arms in a neutral rotation to determine the initial position of the reconstructed tuberosities. At each follow-up, all patients had a standardised series of radiographs, including anteroposterior (AP) views with the arm in three rotations (neutral, external and internal) as well as lateral and axillary views.
According to Boileau et al. [4] , the greater tuberosity was considered well-positioned in the vertical plane when its summit was between five and ten millimetres below the line, which was tangent to the top of the prosthetic head and perpendicular to the axis of the stem. Otherwise, the greater tuberosity was considered to be vertically malpositioned. If the greater tuberosity was not visible on the post-operative AP view in the neutral rotation but was observed to be posteriorly migrated from the axillary view or in the internal rotation on the AP view, the greater tuberosity was considered to be horizontally malpositioned. Greater tuberosity resorption was confirmed by the disappearance of the greater tuberosity from any view of the post-operative radiographs. Both tuberosity malposition and resorption were considered radiographic complications of the greater tuberosity. Proximal migration of the prosthesis was evaluated by the measurement of the acromiohumeral distance from the AP view with the arm in the neutral rotation. A distance of less than seven millimetres indicated proximal migration of the humerus [5] .
Results
After a minimum follow-up time of two years, 42 patients (82.4 %) were available for both clinical and radiographic evaluations. There were 14 men and 28 women with an average age of 65.4±10.7 years (range 45-85 years). The dominant arm was involved in 30 cases. The mean time from injury to surgery was 10.2±4.9 days. According to Neer's classification, there were seven three-part fractures (four dislocations), 27 four-part fractures (21 dislocations) and eight head-splitting fractures. Based on the Orthopaedic Trauma Association (OTA) classification [6] , there were three B2 fractures, four B3 fractures, nine C2 fractures and 26 C3 fractures. In addition, 37 patients were treated with hemiarthroplasties, and the other five were treated with total shoulder arthroplasties due to pre-existing arthritic wear of the glenoid.
After a mean follow-up time of 37.0±8.4 months (range 24-52 months), the average ranges of motion of the patient's arms were 132.3±36.0°for the forward elevation, 38.6±15.0°for the external rotation and L3 level for the internal rotation. The average VAS pain, ASES and UCLA scores were 0.4±1.1 (0-4), 82.1±14.1 (43-100) and 28. 8±5.1 (16-35) , respectively.
From radiographic evaluations at the patients' final followups, 39 patients were determined to have greater tuberosities that were well-attached (Fig. 1) . Two patients were found to have horizontally malpositioned greater tuberosities. Resorption of the greater tuberosity was detected in one patient. The overall greater tuberosity complication rate, as detected by the radiographic evaluations, was 7 % (3/42). In all three of these patients, the greater tuberosity complications were all found at the post-operative three-month time point.
Complications
No neurovascular injury, infection or prosthetic loosening was identified during the final follow-up appointments. All of the patients with greater tuberosity complications were found to have superior migration of their humeral heads during their final follow-ups. Superior migration of the humeral head was also observed in two patients with well-attached greater tuberosities (Fig. 2) . 
Discussion
Primary shoulder arthroplasty for proximal humeral fractures is beneficial for pain relief, but its role in restoring postoperative shoulder function remains controversial [3, 4, 7, 8] . In a study conducted by Neer [9] , shoulder arthroplasty was used to treat three-or four-part proximal humeral fractures, whereby over 80 % of the patients obtained a good to excellent result. Compito et al. [2] , however, only observed an excellent result rate in 48.5 % of their patients. In recent years, good pain relief has been consistently reported in the literature [10] [11] [12] [13] , but the post-operative shoulder range of motion and functional outcomes have been less satisfying [10] [11] [12] . In a multicentre, retrospective study of 167 patients by Kralinger et al. [14] , only 41.9 % of the patients demonstrated a postoperative forward elevation of over 90°.
A large number of reports have suggested that the healing status of the greater tuberosity after shoulder arthroplasty is crucial for functional recovery of the shoulder [14] [15] [16] [17] [18] [19] [20] [21] . In a study by Tanner and Cofield [22] , post-operative displacement of the greater tuberosity was thought to be the most common complication after shoulder arthroplasty for the treatment of proximal humeral fractures. Additionally, the incidence of nonunion or malunion of the tuberosity has been reported to be between 12.5 and 50 % [4, 12, 13] . Boileau et al. [4] demonstrated that migration and malunion of the greater tuberosity could lead to subacromial impingement, superior migration of the prosthesis, joint stiffness and consistent pain in the shoulder. A poor greater tuberosity position has also been shown to change the lever arm in the glenohumeral joint abduction, alter the local biomechanical characteristics, accelerate the process of prosthesis and glenoid wear and finally lead to prosthetic failure [23, 24] . In 2007, we conducted a study that included 59 proximal humeral fracture patients treated with standard humeral head replacements with a mean follow-up time of 22.2 months [25] . The tuberosity disappearance rate was 13.6 % (8/59). Confirmed by the computed tomography (CT) scan, six of the eight patients with disappearing tuberosities were found to have a posteriorly migrated malunion, while the other two were found to have resorbed tuberosities.
Several attempts to avoid tuberosity complications after shoulder arthroplasty have been reported, including cerclage fixation, decreased humeral retroversion, placement of a postoperative neutral position brace and delayed post-operative rehabilitation [14, 17, 19] . The application of bone ingrowth materials is also an approach. Tantalum TM has a highly porous three-dimensional structure with up to 80 % porosity. This type of material increases biomechanical strength by enhancing the potential for bone ingrowth. Tantalum TM has already been applied in hip and knee arthroplasties, and in spinal surgery, with promising clinical outcomes [26] [27] [28] . A review of the literature, however, has revealed no reports on its efficacy in tuberosity healing after shoulder arthroplasty for the treatment of proximal humeral fractures. This study, for the first time, retrospectively analysed the efficacy of the TM shoulder prosthesis for the treatment of proximal humeral fractures in a series of 42 patients with a minimum follow-up time of two years. We also precluded the patients with a greater tuberosity that was initially malpositioned to determine the healing potential of TM prostheses on well-reconstructed greater tuberosities. Finally, the post-operative radiographs in this study displayed an anatomically healed greater tuberosity in 93 % (39/42) of the patients (Figs. 3, 4, 5 and 6 ).
Although the anatomical healing of the greater tuberosity may be crucial to the post-operative shoulder function, it is not the only determining factor. In our study, superior migration of the humeral head still occurred in two patients with properly healed greater tuberosities (Fig. 2) , resulting in a relatively poor range of motion and functional outcome. After reviewing the operation records, these two patients were determined to have pre-existing degenerative rotator cuff tears that were present during the surgery. Although rotator cuff repairs were meticulously carried out after implantation of the prostheses and reconstruction of the tuberosities, post-operative superior migration of the prosthetic humeral heads still indicates failure of the rotator cuff repair. Therefore, reverse shoulder arthroplasty might be a better choice for elderly patients with complex proximal humeral fractures with pre-existing degenerative rotator cuff tears.
Our study has several limitations. First, this report describes a relatively small case series, whereby only 42 eligible patients were enrolled with short follow-up times. Future large case series that evaluate the long-term effectiveness of TM prostheses for the treatment of proximal humeral fractures should be warranted based on the findings from this study. Another limitation is that this report describes a retrospective case series. A study with higher level of evidence is required for further evaluation.
In conclusion, satisfactory results can be expected with the TM shoulder prosthesis for the treatment of complex proximal humeral fractures. The post-operative radiographs reported in this study displayed an anatomically healed greater tuberosity in 93 % of the patients with a minimum follow-up time of two years. 
